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ABSTRACT 

A method of numerical  objective analysis, dc,voloprd by Crc~ssman, is adapted for application  to  stratospheric 
constant  pressure  surfaces by giving  grcatcr weight t o  wind  observatiolls,  correcting  heights for radiation  error,  and 
building  up  the  pressur(.  pattern  statistically over ocean a ~ ~ ~ t s .  The  temperature  pattern is analyzed by a similar 
method. 

Specimens of regression a ~ ~ d  temprrature corrcctiorl diagrams  are  shown,  and  the  array of wind,  temperature, 
and  height  errors engendered by  :I radiosonde prrssrlrr wror  is discussed. 

1. INTRODUCTION 

At the  present  time,  analysis of helnispheric  constant 
pressure surfaces  in  the  troposphere  is  routinely  carried 
out by electronic  computer.  When  the  technique, de- 
scribed by Cressman [I], was tlpplietl by Snidero and 
Teweles [ 2 ]  to the  analysis of stratospheric constant 
pressure surftrees a t  100 rnb. and 50 Inb., difficulties arose 
that' required  special  treat'ment. The most  necessary 
modifications for  application a t  high  levels  were: (1 )  In- 
crease of weight  given to  wind  observat,ions vs. Ileigllt 
observations; ( 2 )  correction of height  and  te1nperatjure t'o 
eliminate effect of solar  radintiorl  on the rndiosoncle; (:<) 
use of regression equnt'ions  to  build up analysis  from one 
level to t,he nest  over  oceans and other  areas of sparse 
data. The purpose of this  paper is to dcscritw the 
problems of numerical analysis of stratospheric  constant 
pressure charts. 

2. ANALYSIS  PROCEDURES 

An outline of the process ol :malysis is given in t a l k  1 
(see Cressman [ I ]  €or addi t ional   dctds) .   ln i t i :dl~~,   an 
estimat'ed analysis  or  first guess must be provided  for 
input t'o the  computer. In the lower  stratospllcrc up to 
the 100-mb. surface,  statistical  verticnl  extrapolation of :L 
numerical prognosis of the 500-lnb. chart promises to 
provide a sntisfact'ory  first  guess. At  100 m h .  and higllcr 
surfaces, the find  analysis  for 24 hours earlier appears to 

TABLE I.-Outline of Cre.ssman's [Z] ndaplafiort o j  HrrBth6t.sson-l)iiii.~ 
rwthod [ 3 ]  

.~ 
~~~ ~ ~~~ 

~~. " ~ ~~~ 
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I. OCTAGOXAL GRID O F  1977 I'OIN'I'S 
Covers hemisphere  north of 16"N. 
(:rid size shout 200 nantical  milw. 

.~ ~~~ ~~~ 

~ ~. 

11. ESTIMATED  ASALYSIS 
Climatological norn~al.  
Hand draxm. 

Numerically computed prognostic. 
Last previous. 

Extrapolated or interpolated from analysis of other s u r f x w .  
Combined prognostic :ml  extrapolaterl. 

'r.iBi,k! 1 .-Outline of Cressman's  [ l ]  adaptat ion of Bergth6rsson-DOOs 
nadhod [SI-Continued 

111. AUTOMA4TICALLY  PROCESSED  IIAT.4 
(Bodient and Cressman 141) 

Rccognition of codes and location of stations. 

Elimination of gross errors. 
Recomputation of radiosonde reports. 

IV. MODIFICATION O F  ESTIMATED  ANALYSIS  

Application of observed  heights  (temperatures)  and  winds  (thermal  winds)  within 
Succcssive  correction of grid  point wxlucs. 

scan area. 
Obs&v~d  (lata  weightcd for distance  from grid point. 
IIeight  (temperature)  data  weightcd  relative to wind (thermal  wind)  data. At 

ing factor is 4) .  
100 mh.  winds are weighted 32 timcs as much as hcight  (at 500 mb.  this  weight- 

where  D=hright  (Wmperature)  at  central grid  point 
%=values at  nearest  surrounding  grid  points 
D=adjustod valuc at  central  grid  point 

Iteyetition of process using  successivoly  smaller  scan  areas as tahulatcd helon-. Result 
o f  previous  scan becomes estimatcd  analysis. 

S c a n  area 
(gr id  Gross error 

Follomed 
by 

i n g  
Scan 110. lengths) (ft.) (k t . )  smooth- 

100-mh. lieight and Wind 

4. i 5  io0 90 None 
3.60 600 
2. 20 

70 Thrco * 
1.80 

,500 
350 

70 None 
60 Threc * 

~~ ~ 

V. I'RINT-OCT 
List of data i n  gross crror 
Plot of coded data on grid 
Estimated annlysis 

1)iRerence  hetween cstirnated and computed  anzlysis 
Final  computed  analysis 



148 MONTHLY WEATHER, REVIEW APRIL 1962 



149 

FIGURE 2.--11and analysis of 100-nrh. chart for 0000 GMT, Kovcxmbc.r 17, 1057. Contours (solid  lines) are  drawn  at 80-m. intervals; lines 
of difference  hetwecn  hand a l l d  computctr analysis (hvavy d;ishrd 1iIlc.s) at 10-m. intervals  are  superimposed,  but  the line of zero differ- 
ence is ornitted. 
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REGRESSION EQUATIONS 45 N. NOVEMBEK 

AT A5 N. IN NOVEMBER 
Hm=3848+1.09H1~)+16.7Tlw 
T9:-176.8+.010  Hlw-k.73 T l W  

WHERE: 
Tm-TEMPERATURE  AT 200 MB SURFACE 
Him- HEIGHT OF 100 MB SURFACE 
T1w-TEMPERATURE AT 100" SURFACE 
Hm- HEIGHT OF 50" SURFACE 
T m -  TEMPERATURE AT 50-MB SURFACE 

HIw IN METERS 

FIGURE 3.-Sample regression equations and graph  giving 50-nlb. height and te~npcraturr  as funct,iorls of 100-mb. height and temperature 
in  Kovember a t  45's. (used for locations in the band 42.5"s .  to l i . 5 O S . ) .  

be adequate  for  use as i t  first guess, but  t l l c  12-hour 
previous  analysis  should  prove  superior  provided  that the 
12-hour  diurnal  variation is removed  from  the  data. 

Synopt,ic  information  is  applied  to  adjust  the  estimate 
to  current  conditions.  The  resulting  analJ-sis  is  then snh- 
stituted  for  the first guess, and  the d a h  reapplied  to  this 
second  guess. with  the  option of using a smuller scan area 
and  snlaller  gross error crit'eria.  Alt8hough  the influencc: 
of the  first  guess  is  rapidly  rcduced  to  insignificunce  in 
areas of ample data, it  aids  in  achieving  meaningful :mtalysis 
at t'he  grid  boundaries  and  over areas of sparse  data. 

The  elimination of spurious  diurnal  variation  in  reported 
data becomes important  at  100 mb. and is of increxxd 
importance  at  higher  surfaces.  Rtdiational  tenlperaturc 
and  height  corrections  for  the  r:dosondc  instruments  used 
during  the IGY have  been  determined  bv Teweles a n t 1  

Finger [5] and  Rothenberg und Teweles [6]. It'  is :I simple 
matter for  mont2lly  set's of such  corrections  to  be  incor- 
porat'ed  into  the  data  processing  syst'em. A rleccssarJ- 
improvement on this  proccdurc  in  actual  practice  is the 
adjustment of these  correction  values on :L continuing 
basis  with  the  aid of a progratrl for  corllputing  nlonth1~- 
average  12-hour  differences  in  reported  station  dttta. 

I n  areas of sparse data on t i  constant pressure surface the 
system of regression  equations  described by JAW [7] dots 
an  adequate  job of supplying  reasonable  values of llcigllt 
and  temperat'ure  based on those of a surfucc  not  too  far 
below. The  analysis  process  at' ettch surf;Lcc dlows tl:lt:i 
a t  distant  point>s  to  influence  the  analysis  in sp;lrw tl: t t :~ 
areas.  This  then  provides  values  for use in regression 
equations  to  obtain  values at the  next  higher  surface. 
Thus  the oceanic analysis  remains  st;~l)le  atltl  realistic 
from  surface to surface. 

Regression coefficients for  finding  stratospheric  heights 
or tc.rnperatures at one surface from t>hose a t  a lower one 
11;lve heen cornputetl  for  several  latitude  belts  and for 
e ~ h  rllonth of the  year. Since a long  period of record is 
not available  for  this  purpose, the final  computer  program 
should  include  provisions  for  continuous  adjustment of 
t hc  regression coefficients from  current'  data  as  in  the case 
of the  radiation  corrections.  Alternatively it has been 
suggested that  the  vertical  extrapolation  be  accomplished 
by building up  the  mttlysis  layer by layer  with  layer 
thicknesscs based on thc  previous :Lnalysis adjusted for 
tllr. avuilnble  current  data.  This  latter  system  has  the 
:ttlv:mtngr of being  founded on relntivcly  current, local 
conditions;  its  weakness  lies  in  the difficult>- of accounting 
for  the cfl'ccts of rapid lllovctrlerlt of systems. 

'1'11~ wind  information,  brought  into  the  analysis  through 
the  geostrophic  wiud equftt'iorl, is a lnuch more sensitive 
deter1nirl:trlt of height  grwdicnt, i.e.,  contour  spacing,  than 
tllc height  information  itself.  Excessive  cross-contour 
flow  corltilluetl to be :ipparent i n  the 100-1nb.  analyses 
wltil t he  weighting  factor by which w i n d  information was 
f:lvorcd over  hcigllt  infortnution TV:LS raised to 32: 1 Indi- 
cations art' that  tile factor will have to  be  even  larger, 
perhaps ( % : I ,  at 50 tilt). 

Poor tlittn tnust be t~littlirlatetl at  some point  in the 
process. C~.css t~ l r~r~ ' s  tlat:l processing  system  rnakes B 
hytlrosttttic (.heck of irltlivitlunl reports.  Jn  addition, as 
tl:lt:t arc tlpplictl to  t h c  :mtllysis in sc:m I L ~ C W S  of dccrensing 
size, ;my t l a t r m t  differing  from  t'he  average  value  over  the 
s ( w l  area by J I I O ~ P  t1l:ul  :In arbitrarily fixed amount' is 
withheld, but listctl for further  considcrution by :an andyst.  
T l l c  satllc criteria  rccomnlerlded by  Cressn1:m for  casting 
out hcight and wind (lata in thc  troposphrre were found 
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100 ME TEMPERATURE CORRECTIONS 100 MB HEIGHT CORRECTIONS  (RESIOUALI 
-100 7 

U *.*..,,* 
APANESE 

RESIDUAL 

RESIDUAL L 
0. 20' 40' 60°  80. 

SOLAR  ELEVATION 
0' 20 - 40' 60- 80' 

SOLAR  ELEVATION 

FIGURE 4.--Temperature and  height  corrections for use in c~liminatirlg  false  diurnal  variation  in 100-nlb. data  reported from several  countries. 
The  temperature  correction  made  during  evaluation of the  sounding is shown by the  thin  lines on the left. (No on-station correction 
was rnadc at, French  stations.) Wide lines indicate thc  rernairling correction to  be  made t o  eliminate  the  day-night  difference. 

satisfactory for use  at, 100 nib. (see gross error limits i n  
section I V  of table 1). 

Similar temperature  criteria, also listed ill t'he table, 
were determined by Snider0 and 7'ewTelt.s [2]  to :&pt 
Cressman's  schetne to 100-mb. i so ther~n   and~xis .  An 
additional  necessary step,  not yet taken, is the  calculation 
of therrnal  winds  for use irl orienting  isotllcrnm  Criteria 
for casting  out  erratic  thcrnld winds will then  have  to 
be established. 

Snloothing  is  applied to intermediate m:llyses both be- 
tween the  scans and as :L final step of the  overdl mdys i s  
procedure. This  artificial process renlovcs certain  kinds 
of unwanted stnnll-scale roughness  within  the  andysis 
and at the bountlaries. In str:ltosphcric:  :tnalysis, the 
latter effect is  particularly severe in the c t ~ s c  of bountI:uies 
near t'he equator where diltzt :ire sparse and the rorltrol 
exerted by  the Coriolis  force  is \\Teak. A possitde solution 
to this problrln is  to exterltl the a n i ~ l ~ ~ i ~  o v ~ r  a l i ~ r g ~ ~ r  
area and  then  discard a periplleral strip.  In this way 

The  computer  print-out (fig. 1) is  in  the form of grid- 
point  values  wit'h  shading  provided by printed  digits  in 
every  second  contour  interval.  These  grid-point  values 
were subtracted  from  corresponding  values  interpolated 
from the hand  analysis.  Isopleths of these differences are 
superimposed  upon the contour  analysis of figure 2. Posi- 
tive  centers  show where the  contour  values of t'he  hand 
analysis were high  compared  to  those of the  cotnputer 
:mul~-sis. The arcas of difference  were studied  as  one 
tIlc:ms of deter~nini~lg t'he relative excellence of the two 
tllcthotls. Where tlle  computer  analysis was judged  in- 
ferior,  a  general rule was  sought  which would  eliminate 
the  trouble  once  and for all and t,hc computer program was 
cl~nngcd  accordingly.  Most  rcnltrining differences  repre- 
spnted  ir~consist~er~cics  in  the  hand  analysis;  the  analyst 
c-tlwnges his  rules  from map to map and  even from one 
area of :t  nap to  another.  Cures for some  remaining de- 
ficiencies of the cotnputer :tnalysis have been  rnentioned 
curlier in  this  text as work yet to be done. 

4. REGRESSION EQUATIONS AND TEMPERATURE 
CORRECTIONS 

7 ' 1 1 ~  fortrl of regression equations  etnployed  is shown in 
figure :3 dong with  a  sample  nomogram made up for use in 
c~str;~polating from 100 mb. to 50 mb. in  November a t  
45' S. Double-entry t:tbles have also  been made up for 
this purpose und are generdly preferred  in  pract>ice. The 
cotllplete  set of coefficicrlt~s and information on their use 
are obtainable from t'hc Navy Weather  Research  Facility 
;~rltl  from  tile  Weather  Bureau  National  Weather  Records 
Center, Asheville, N.C. 

Satnple  curvcs for making  corrections  for rucliationnl 

3' CoMPARISoN OF 'OMPUTER AND HAND tluritlg the IGY are sllown in  figure 4. This information 
errors in 10O-mb. radiosonde  data of several  countries 

is now being refined by the  Weather Bureau  Stratospheric ANALYSES 
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tion  tinles. The  deviations for  winter months and ~11111- 

mer nlonths  are  plotted  according  to  local  solar  t'ilne. 
Superimposed on the same  graph is the diurnal  variat,ion 
of air  temperature near the 1O-nlb. level as calculated 
from radiation  theory by Yresslnan [g] and verified more 
recently by  calculation from diurnal  wind  variations  by 
Harris,  Finger, and Teweles [ IO] .  

The necessity  for  making  radiation  corrections  is denl- 

onstrated by  the large  discrepancy  between  the  observed 
and theoretical  diurnal  variat'ion.  Correction  for the 
false diurnal  height  variation  is  particularly  important. 
This variation,  which  is the cumulative effect of all the 
false t'enlperaturc  variation  from  the  ground  up  to 10 nlh. 
amounts to 150 111. a t  noon  for the  stations  and  instru- 
ment's shown  in figure 6.  For other stations in the world 
the required  correction  ranges fro111 zero, a t  stations w h e r ~  
proper corrections have been made  by  the  observer,  to 150 
m. at 100 111b. or 1500 111. a t  10 mb., at stations using 1111- 

shielded duct-type  instrunIrnts  without  on-station  cor- 
rection procedures. 

5. ERRORS PRODUCED BY RADIOSONDE PRESSURE 
ERROR 

An investigation of Russian  stratospheric  data k>y 
Kocharlski [11] showed interesting deviat'ions froltl  hetlli- 
spheric nlean  values for the swtson iitld levels  studied. 
The rnntter  is of such v i t d  in1port:mw to stratospheric 
analysis and research that  :I further sttltly of t h e  d>itit 
has been 111ade t,o find mhetl~cr  this csoultl he ?I real phr- 

FIGURE 6.-Theoretical and  observed  diurnal  temperature change 
at 10 mb.  Ikviations from the  daily  mean  are  plotted  according 
t o  1oc:tl timc, at each  station. 

110111enon or a manifestutiorl of inst~rurnent error. Result's 
of this  study,  patent'ly  based on indirect  evidence, )ire 
that  errors in pressure  reported by the  radiosonde provide 
iL sufficient  explnnat'iorl for m ~ n y  of the reported ano~n-  
dies. In July and  August,, the lower  stratosphere in 
lllicldle and high  latitudes  is  reputed  to  be isotI1enn:~l or 
else to have :I slight inc+rettse of temperature with height, 
pt~rtic.ularly  above the 50-lnb.  level. I n  figure 7, the ver- 
tical  temperature  distribution :it night  is in wcordance 
wi th  this  consideration. On the ot,her hand, tlaytirnc 
temperatures, which  incident'rtlly itre reported to greater 
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FIGURE i.-Diffrrc~ncc i n  temperatnrc at p mh. from that  at 50 r n b .  for rllns taken  in  July  and  August 1957 at a group of Russian  radiosonde 
stations. The 50-rnb. temprr:lture is used  as a zero reference. 
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FIGURE 8.-Representative temperature  curves  for a summertime  sounding  iu  middle or high  latitudes. The curve 011 the  left is true 

temperature;  the  curve on the  right is temperature  reported  by a r:rdiosonde having  radiation  error  equal  to  the  correction  applied 
to  the RZ-049 radiosonde a t  solar  elevation of 50'. The  horizontal  distance  between  these  curves is the  correction to  be  applied  at 
the  indicated  pressure. Thus the effect of a pressure  error is to  cause  the  wrong  correction t o  be applied  and for assignment of the 
resulting  incorrect  temperature  to  the  incorrect  prcwure level. 

heights,  tend to  show A large  lapse  rate. Yo known 
natural effect accounts  for  such a. diurnal  change  in  lapsc 
rate.  However,  the  radiational  temperature  correction 
syst'ern could account  for  the  change  since  the  system is 
only  applied  in  daytime and would  give  t'ernperature 
values  progressively  colder than  the  actual temperature 
if the  reported  pressure  is  incorrect.  Positive pressur(' 
errors would  not  indicate a high-reacl.ling sounding;  only 
negative  pressure errors would do so :md at,  the same titile 
mould result  in  overcorrect'ion of thr tetrlperat'urr (fig. 8) 
~ n d  thus also of the  height. 

If the rwt'e  of ascent of the  bdloon  is c*alcultltetl lcvel 
by level  from the  report'ed  pressure, :L negative  pressure 
error would  also result  in an error in calculating  the  vcloc- 
ity of the wind computed by following  the  tdloorl. SattI- 
ple calculations  (table 2) have been made for t,ypical con- 
ditions  in  October,  August,  and  cJuly,  respectively, With 
assumed  winds of west-10.7 m./sec., calm, and east-10.0 
m./sec., in  t'he 25- to 20-111b. layer, a negative prcssur~ 
error of 15 mb. would result in rrported winds of W-33.8 
m./sec., W-19 m./sec., and W-5.7 m./scc.,  respectively  in 
the 10- to  5-mb.  layer. Such excessive  wcstcrly cornpo- 
nents would tend  t'o be reported in the SRIIIC' observations 

-/-I--/- 
2.1445  26570  56979 
2.1445  25145 53Y23 }"" 
2.1445 ~ 35430 I (p502 
2.1445 31000 ________ 
2.0294 265i0 53923 
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" ~ , _ _ _ _ _  

10.7 m.p.s. \V 
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20.8 kt. 

64.8 kt. 

36.9 kt. 
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5 . 7  m.p.s. W 
19.4 kt. 

11.1 kt. 

-15. 0 -49. 6 0 
-12.9 ! -51 .5  ~ 

0 
-46.2 -80.8 -45.2 
-29.1 -67.7 -24.1 
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